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(57) Abstract: A mold separation apparatus and method for braking the cure bond between a female and male mold section of a 
contact lens mold unit comprises one or more pistons (60) for striking the botttom flange wall (12b) of the female mold section with 
the striking force being sufficient to break the bond between the mold sections yet not so strong as to impart damage to the lens 
formed within the mold unit. A pick and place mechanism is included for lifting the female mold sections from the associated male 
mold sections and depositing the female mold sections onto a female mold pallet. Likewise, should the male mold section be used in 
downstream processed, the pick and place unit is operable to engage and lift the male mold sections and place them in an associated 
male mold pallet. 
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Title: Apparatus and Method for Separating Contact Lens Molds 

The present invention generally relates to industrial automated material handling. 
More particularly, the present invention relates to an automated apparatus and method for 
separating the male and female mold sections of a contact lens mold following formation 
of a contact lens therein. The invention is also applicable to other types of similarly 
molded workpieces, for example, intraocular lenses. 

Static cast molding of contact lenses is known. See, for example, US. Patent No. 
5,466,147 issued to Bausch & Lomb Incorporated, the entire reference of which is 
incorporated herein by reference. A single mold unit comprises a female mold section 
having a concave optical surface and a male mold section having a convex optical surface. 
The female and male mold sections are complimentary shaped and mateable to form a 
lens-molding cavity between the respective concave and convex optical surfaces of the 
female and male mold sections, respectively. 

The basic process for cast molding a lens is as follows. A quantity of liquid lens 
materia] (monomer) is dispensed into the female mold section and the male mold section 
is seated upon the female mold section with the concave and convex surfaces thereof 
facing one another to form a lens-shaped mold cavity. The joined female and male mold 
sections form a single mold unit which is subject to a curing cycle (e.g., by thermal or UV 
radiation) thereby causing polymerization of the lens material in the mold cavity. Once the 
lens material has cured, the male and female mold sections must be separated to retrieve 
the cured lens. The separation of the mold sections must be carried out in a manner which 
will not harm the delicate lens. Once the lens has polymerized in the mold cavity, the lens 
and any lens flash will have a fiictional bond to the opposite concave and convex mold 
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surfeces. Thus, the separation of the male mold section from the femaJe mold section 
must be of a force strong enough to break the adhesive bond of the lens and lens flash to 
the opposing mold surfaces, yet not so strong or haphazard that the optical surfaces of the 
lens are harmed by the separation process. Should the lens crack or be otherwise damaged 
during the moid separation process, the lens must be scrapped, thereby lowering the 
output yield and increasing manufacturing costs. 

Examples of prior art methods of mechanical mold separation include prying off of 
the male mold section from the female mold section by applying a lever-type mechanism 
between the two mold sections. See, for example, U.S. Patent No. 5,693,268 issued to 
Johnson & Johnson Vision Products, Inc. which discloses an elongated wedge applied at 
opposite sides of the mold between the outer flanges of the male and female mold 
sections. The mold unit and wedge are translated relative to each other which gradually 
pries the male mold section from the female mold section. The '268 patent suggests 
application of a thermal gradient between the male mold half and lens to assist in lens 
separation from the mold. Other similar prior art methods are disclosed in the *268 patent, 
and those references are hereby incorporated herein by reference. 

A similar result can be accomplished by application of a pinching or squeezing 
force to the mold body. In the case of a male and female mold unit, the squeezing force is 
applied to one or both mold sections which causes relative movement between the mold 
sections, thereby assisting in separation of the female from the male mold section. 

Another factor to consider is how well the proposed mold separation apparatus 
and method performs in a high speed automation environment, a very critical cost-to- 
manufacture consideration in today's highly competitive contact lens industry. In many of 
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the above prior art methods, the ability to consistently control the separation operation 
degrades once applied to a high speed automated manufacturing line. 

There thus remains a need for an apparatus and method for separating lens mold 
sections to retrieve the cured lens located therebetween which is capable of robust, 
consistent performance in a high speed, automated manufacturing environment. 

The present invention addresses the problems of prior art mold separation units by 
providing an apparatus and method for separating a contact lens mold unit in a manner 
which is non-destructive to the lens, and which is capable of high speed automation in a 
manufacturing line. 

More particularly, the present invention comprises an in-line manufacturing 
module which is operable to accept an input of an array of contact lens mold units each 
containing a cured lens therein; separate the male mold section from the female mold 
section of each mold unit; and output the separated mold sections with the lens preferably 
retained on one of the mold sections for further downline processing. 

Thus, prior to entering the mold separation module, the mold units have been 
subjected to a curing process to cure the lens material. The mold units are positioned on 
a mold plate or other suitable support, with the mold units placed in a predetermined array 
thereon. Once the curing process is complete, the plate is advanced into the mold 
separation module which transports the plate with mold units thereon to a first station 
within the module. At the first station, a mold separator unit is provided which includes 
one or more striking members operable to strike each mold unit along the outer periphery 
thereof, preferably avoiding the optical molding surfaces. 
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The mold unit typically comprises a mold cavity formed between a male mold 
surface in a first mold part and a female mold surface in a second mold part. The first 
mould part comprises a cup member having a base surrounded by an annular wall. The 
convex male mold surface is formed centrally on the base spaced away from the annular 
wall so that an annular trough region is formed between the annular wall and the male 
mold surface. The second mold part is also cup shaped in that h has a base surrounded by 
an annular wall. The concave female mold surface is formed centrally on the base region 
and is again spaced away from the annular wall by a flat annular region. The annular wall 
of the second mold part is arranged to form a close sliding fit inside the annular wall of 
the first mold part. In this way the two mold parts may be fitted together forming a piston 
and cylinder device in which the two mold parts are slidable relative to each other in order 
to open or close the mold. The male mold surface is arranged to face into the cup of the 
first mold part whereas the female mold surface faces out of the cup of the second mold 
part so that when the two mold parts we fitted together as shown a mould cavity is 
formed between the male and female mold surfaces. The annular wall of the first mold 
part has an annular flange at the end of the annular wall remote from the base. Similarly 
the annular wall of the second mold part has an annular flange at the end of the annular 
wall remote from the base. 

Usually there is an intentional overfill of monomer in the female lens cavity to 

ensure there is sufficient monomer to form the lens. As a result, there is lens flash located 

r 

in the periphery of the optical surfaces of the lens. It is important to separate the flash 
from the lens in a predetermined manner. Preferably the separation of the flash from the 
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lens is achieved during' separation of the mold units with the lens being retained on the 
female mold section and the flash being retained in the male mold section. 

In a preferred embodiment, in the separation stage the mold unit is arranged with 
the female mold (second mold part) uppermost. The mold unit may be supported on a 
plate by the annular flange of the male mold unit (first mold part) and/or the base of the 
firet mold part may be supported on a surface. The striking member strikes the annular 
flange of the female mold unit at the plurality of spaced locations around the flange to 
cause separation of the mold units. It has been found that by striking the annular flange in 
this manner the mould; units will separate without damage to the lens and the lens is 
retained in the female mold and the flash ring loose in the male mold so that it can be 
readily removed. In a particularly preferred embodiment the annular flange is struck 
sequentially in four equally spaced locations about the full 360° periphery on two 
occasions e.g, the striking member may make two passes about the flange striking in four 
locations on each pass. 

The striking force should be sufficient to separate the mold units and is generally 
in the range 12 to 2SN preferably 20 to 25N depending upon the particular construction 

i 

of the mold. The duration of the strike should be relatively short 50 to 150 milliseconds 
and a duration of about SO milliseconds has proved to be effective. 

Processing operations beyond this point may vary as desired. For example, 
downline process variations may include a wet or dry lens release station (from the mold 
section in which the lens is retained), and/or transfer of the lens to a different package for 
shipping. The lens must also undergo hydration and extraction of volatiles and uncured 
oligomers remaining in the lens. 
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In a preferred embodiment, once the plate of mold unhs have been separated at 
the first station within the separation module^ the plate is then transported in the module 
lo a second station which includes a pick and place unit operable to lift the female mold 
section from an associated male mold section of each mold unit, and then deposit the 
female mold section onto a uniquely configured female mold pallet. In the case where the 
male mold section is to be subsequently used, for example, during extraction and/or 
hydration, or as a vessel for the final packaging of the contact lens (see, for example, U.S. 
Patent No. 5,573,108 issued to Hamilton et al), the male mold sections are then 
subsequently picked up from the mold plate and placed in a uniquely configured male 
mold plate located adjacent the female mold plate. If the male mold sections are not to be 
further utilized in downstream processes, they may be discarded at this point. Conversely, 
if the male mold section is to be subsequently utilized, the flash in the male mold sections 
must be removed, for example, by a vacuum advantageously incorporated into the 
separation module. 

Thus, the pallet containing the female mold sections with lenses retained therein, 
and the pallet containing the male mold sections, are both output from the separation 
module for further processing as required. In a preferred embodiment, a visual inspection 
of the female mold sections and lenses contained therein is carried out as it exits the 
separation module to ensure the lenses have not been damaged and that they have been 
retained in the female mold section as intended. Likewise, the male mold sections may 
also be inspected at this.point for lens fla$h which should have been previously removed 
therefrom. 
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ft is understood that, depending on the mold design, the order in which the mold 
sections are handled by the pick and place unit may change, as well as which mold half the 
lens and flash are retained. 

Figure 1 A is a cross-sectional view of a male mold section and female mold section in 
spaced relation to one another; 

Figure IB is a cross-sectional view through a molded contact lens; 

Figure 2 is the view of Figure 1 A with the male and female mold sections joined in the 

intended manner; 

Figure 3 is a plan view of a cure plate used during curing of the contact lenses; 
Figure 4 is a plan view of a cover plate used during curing and mold separation; 
Figure 5 is a cross-sectional view showing the positioning of the mold units on the cure 
plate of Fig. 3 with the cover plate of Fig. 4 positioned over the molds; 
Figure 6 is a cross-sectional view showing a mold unit which has been inverted onto the 
cover plate for use in the mold separation module; 

Figure 7 is a plan view of the mold separation module according to a preferred 
embodiment of the invention; 

Figures SA and 8B are top and bottom plan views of a female contact lens mold pallet; 
Figures 8C and SD are top and bottom plan views of a male contact lens mold pallet; 
Figure 9 A is a side elevational view, some parts shown in section and others shown 
fragmented, of the mold cracking unit of the module; 

Figure 9B is the view of Figure 9 A showing the cracking pistons in a lowered position for 
striking the molds; 
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Figure 9C is a top plan view of an inverted female mold section showing a preferred mold 
striking pattern of a cracking piston; 

Figures 10A-10C are side elevational view, parts in section and parts fragmented, of the 
pick and place unit of the module in varying stages of operation; 
Figure 10D is an enlarged, fragmented view of a pick-up head seen in Figs. 10A-10C; 
Figures 1 1 A-l 1G are top plan views showing operation of the pick and place unit 
between two stations of the mold separation module; 

Figure 12A is a fragmented, side elevational view of the mold pallet advancing and 
indexing mechanism; 

Figure 12B is an enlarged, fragmented, cross-sectional view of the vacuum suction of lens 
flash from the male mold sections; 

Figure 12C is an enlarged, fragmented, cross-sectional view of a female mold section and 

lens adhered thereto in an opening of a female mold pallet; 

Figure 13 is a fragmented, top plan view of the exit station of the mold separation 

module; 

Figure 14 is a side elevational view of a mold pallet magazine rack; 

Figure 15 is a side elevational view of a male mold pallet, a female mold pallet, and a 

dummy pallet stacked together in the intended manner, and 

Figure 16 is a cross-sectional view as taken generally along the line 16-16 in Fig. 15. 

The invention will be described and illustrated herein relative to but one of many 
possible embodiments of the invention- It is therefore understood that variations of the 
peripheral processes in conjunction with which the invention is described herein, may vary 
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depending upon the specific contact lens molding operation employed. For example, 
changes may be made to accommodate a particular mold configuration, a particular curing 
method, and/or particular upstream or downstream processes such as lens curing, lens 
release, hydration, sterilization and packaging, for example. 

Referring now to the drawing, there is seen in Figures 1 and 2 a prior art contact 
lens mold unit 10 having a female mold section 12 and a complimentary male mold section 
14 having respective concave and convex optical surfaces 12a, 14a, To mold a lens, a 
quantity of a liquid lens-forming material 16 (e.g., monomer) is dispensed into the female 
mold section and the male mold section is seated upon the female mold section to define a 
lens-shaped mold cavity 18 defined by the facing optical mold surfaces 12a, 14a thereof 
(Fig. 2), The female ahd[ .male mold sections 12, 14 are typically injected molded using a 
plastic such as polypropylene, polystyrene or polyvinylchloride, for example, and are used 
only once to mold a single lens due to degradation of the optical surfaces thereof after 
molding of a lens therein. The quantity of monomer dispensed in female mold section 12 
is sufficient to permit a slight overflow of the monomer upon seating the male mold 
section 14 thereon which ensures a complete fill of the cavity 18 to the periphery where 
the lens edge will form. Upon fully seating the male section upon the female section, the 
excess monomer flows radially outwardly of the mold cavity. TJpon curing, the excess 
monomer forms an annular flash ring 17 commonly referred to as a monomer ring in the 
art. 

Thus, once a mold unit 10 has been filled and capped as seen in Fig. 2, it is 
subjected to a curing cycle which polymerizes the monomer inside the mold cavity 18. 
Typical contact lens curing methods include UV radiation and/or thermal (e.g., oven) 
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curing. In the embodiment described herein, the mold units 10 are placed in an array on a 
curing plate 20 seen in Figure 3. The curing plate 20 includes a plurality of evenly spaced 
circular depressions 22 in the top surface thereof which further include a concentric, 
smaller diameter through-hole 24 at the center of each depression 22. In the illustrated 
embodiment, a total of 36 depressions/through-holes are formed in plate 20 in a 6x6 array 
u> accept 36 mold units 10, respectively, although any desired number and arrangement of 
the molds is possible. The diameter of each depression 22 is slightly larger than the outer 
diameter of the circular flange 12b of the female mold sections 12, thereby ensuring stable 
seating of the mold unit 10 in an associated depression 22 on curing plate 20. The 
through-holes 24 permit an open passage for the curing medium to pass to the mold unit 
10 from beneath the plate 20, 

When utilizing a thermal cure method of polymerization, the curing plate 20 
having filled mold units 10 thereon is placed in an oven which has been programmed to 
operate according to a predetermined cure profile which controls temperature relative to 
time. An accurate cure profile is determinable according to the mold and monomer type 
by those skilled in the an, and may also be determined by trial and error without undue 
experimentation. While in the oven, convection currents may develop within the oven 
which could distutb the male mold section relative to the female mold section of a mold 
unit. For example, in the mold unit 10, it is seen in Figure 2 that the side walls 12c, 14c of 
the female and male mold sections 12, 14 are slightly spaced from one another. As such, 
convention currents jvithin the oven could cause a "fluttering" or radial movement of the 
male mold section 14 upon and relative to the female mold section 12. This type of 
unintended movement of the male mold section during thermal cure could damage the 
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lens as it is being cured. To prevent this from happening, a cover plate 26 having a series 
of through-holes 28 is provided with the through-holes 28 being spaced to align with 
depressions 22 in cure plate 20. Further, through-holes 26 are of a diameter slightly larger 
than the outside diameter of male mold wall 14c whereby cover plate 26 may be placed 
over mold units 10 on cure plate 20 with the male mold sections 14 extending through the 
through-holes 28 in cover plate 26 (see Figures 4 and 5). The perimeter of the through- 
holes 28 is thus operable to restrict the radial movement ("fluttering") of the male mold 
sections 14 during thermal cure of mold units 10. 

Cover plate 26 may also be advantageously utilized in the mold separation process 
as follows. Once curing is complete, the cure plate 20 and associated mold units 10 and 
cover plate 26 are transported as a unit to the mold separation module to be described. To 
prepare the mold units 10 for entry into the mold separation module, the cure plate 20 
with associated mold units and cover plate 26 are inverted as a unit as seen in Fig. 6 
whereby the male mold sections 14 are now supported upon what was the "cover* plate 
26 in the oven> and is now utilized as a "mold" plate 26* for the mold separation 
operation. For the purpose of clarity, the cover plate 26 will be referred to as such during 
its use in the curing operation, and will be referred to as a mold plate 26' during its use in 
the mold separation operation. Once the curing operation has concluded and the mold 
units 10 have been inverted to now rest upon mold plate 26' as seen in Figure 6, the cure 
plate 20 may be removed and put back into the rotating cure plate stock. 

Discussion is now turned to the mold separation module which is indicated in the 
plan view of Figure 7, A brief overview of the entire module will be provided, followed by 
a more detailed discussion thereof 
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Thus, generally speaking, the mold units 10, positioned upon an associated mold 
plate 26* as seen in Fig. 6, enters the mold separation module, either manually or by a 
drive mechanism, at the location indicated by reference numeral 30. The opposite edges 
28a and 2fcb of plate 26* are engaged by a pair of parallel guide rails 3 la,b which properly 
orient the plate 26* for travel through the first station of the module. Plate 26' is 
transported to.a first station labeled 32 which includes means for breaking the adhesion 
between the female and male mold sections 12,14 of each mold unit 10 on plate 26*. Plate 
26' with mold units 10 thereon is then transported to a second station labeled 34 which 
includes a pick and placeonit operable to lift the upper-most, female mold section 12 
from its associated male mold section 14, and transport the female sections 12 to a female 
mold pallet 36. In the preferred embodiment, the lens 16* remains on the female optical 
surfecel2a during this time, and any lens flash 17 remains with the associated male mold 
section 14, although this may vary depending on the specific mold types being used. Once 
the female mold sections 12 have been lifted and transported to the female mold pallet 36, 
the pick and place unit 70 lifts the male mold sections 14 and places them on a male mold 
pallet 38 which is preferably located adjacent the female mold pallet 36. The female and 
male mold pallets 36,38 are then transported to exit the separation module, Should the 
particular lens molding operation utilize the male mold sections 14 in downstream 
processes, a vacuum 40 may be utilized to remove the lens flash 17 from the male mold 
sections 14 prior to exit of the male mold pallet 38 from the separation module. 
Furthermore, a lens inspection may be employed at the exit location using, for example, 
light panels 42a,b over which the female and male mold pallets 36, 38 travel, respectively. 
The foregoing provides a brief overview of the separation module- Once the female and 
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male pallets 36,38 have exited the module, they are transported for subsequent 
downstream processes such as lens hydration, extraction and packaging, as required for 
the particular molding operation employed. 

Discussion is now turned to more detailed aspects of the mold separation module. 
As seen in Figure 7; a mold plate input mechanism is provided which comprises a pair of 
spaced, parallel guide rails 3 la, 31b which are each grooved along the facing surfaces 
thereof to permit sliding engagement of the opposite side edges 28a, 28b of mold plate 
26'. A push plate 46 is slidably mounted on track 48 and is operable to extend toward the 
plate 26' which is pushed by engagement with rod 50 mounted to the inside wall of push 
plate 46. Mold plate 26* is fully inserted into the guide rails 31a, 31b upon push plate 46 
being stopped from further travel forward by plate 46 hitting the front edge 52 of the 
surface upon which track 48 is mounted. A proximity sensor 54 is provided adjacent the 
front edge of guide rail 36a to detect when the push plate 46 has fully extended plate 26* 
into guide rails 31a, 31b. Upon activation of proximity sensor 54, a signal is transmitted 
to the computer controls (not shown) which respond by locking the push plate 46 in 
position and advancing the plate 26' to a first station 32 within the module. Locking of 
the push plate 46 is a safety control in that it prevents unintended access by an operator to 
the moving parts. 

Plate advancing means may take the form of an elongated rod 33 which extends 
along a guide rail 3 lb -and includes one or more laterally extending bars 31a-c for 
engaging the trailing edge 28c of a mold plate 26' in response to signals received by the 
computer controls. A forward stroke of the rod 33 (toward station 34) operates to engage 
the lateral bars 33a-c with the trailing edge 28c of an associated mold plate 26\ Although 
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not illustrated in the drawing, appropriate linkage means are also provided to raise the 
lateral bars 33a-c above and clear of the plates 26 7 upon the return stroke of rod 33, Thus, 
automatic indexing and advancement of a plurality of plates 26' is achieved through the 
reciprocal movement of rod 33 in response to signals received from sensor 54. Additional 
sensors may be provided at each lateral bar 33a-c location if desired to more precisely 
control the advancement of the plates 26' through the module. 

First station 32 includes means for breaking the bond between the female and male 
mold sections 12, 14 of a mold unit 10, respectively, This bond between the male and 
female mold sections 12,14 may be described as a adhesive bond and a mechanical bond 
in the sense that the polymerization process causes the monomer to adhere to the 
opposing mold surfaces. Referring to Figs, 7 and 9a-9c, a mold cracking unit 56 is 
provided which is supported by track 58 in overhead relation to a mold plate 26* which 
has come to rest therebeneath. Mold cracking unit 56 is operable to apply a striking force 
to mold units 10 of a sufficient force to break the bond resulting from the cure cycle 
between the female and male moid sections 12,14, In the preferred embodiment, mold 
striking members take the form of an array of pistons 60 operable to extend toward plate 
26* and strike a respective mold set 10 on plate 26\ In the preferred embodiment, piston 
60 strikes the female mold section 12 of a respective mold unit 10 one or more times 
about the bottom flange wall 12b thereof By striking the bottom flange wall 12b, the 
mold optical surfaces 12a, 14a of the mold sections are avoided, thereby reducing the 
possibility of the lens 16* being harmed by the action of the piston 60. Although the 
striking force depends on the particular mold configuration and materials employed, it has 
been found that a striking force in the range of about 1 5 to 25N is sufficient to break the 
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bond between the female and male mold sections, yet not so strong that the lens is 
damaged. This striking force is for a mold configuration similar to that shown in the 
drawings, using polypropylene as the mold material. It is thus understood that the striking 
force used in a particular application is dependent upon the mold material and geometry 
and must be testedusing force trails for each different mold type used to determine the 
nominal striking force for the particular manufacturing process employed. 

In the preferred embodiment, each piston 60 strikes an associated female mold 
section 12 a total of four times at equal spacing about the foil 360 degree periphery of the 
bottom flange wall I2c thereof (see Fig. 9c), It is furthermore preferable that the piston 
60 executes a second revolution about the female flange 12c to ensure a complete 
separation of the bond between the female and male mold sections 12, 14 (eight strikes in 
total). The duration of each strike will also depend on mold type used. In the particular 
embodiment shown and described herein, a strike duration of 80 milliseconds was found 
sufficient, however it I understood that each different manufacturing process will require 
time trials to determine the nominal strike duration. 

The pistons 60 are mounted to extend downwardly from a lower plate 62 which 
attaches to an upper plate 64 which, in turn, is fixed to overhead rail 58 in the module. 
The lower and upper plates 62,64 may be connected to each other by an adjustable joint 
66 to permit adjustment of the lower plate position relative to the upper plate position 
which remains stationary since the upper plate is fixed to the overhead rail 58. As such, 
while the upper plate 64 remains stationary, the lower plate 62 with pistons 60 carried 
thereon may be adjusted in position relative to the w at rest** position of the mold plate 26' 
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and mold units 10 thereon. It is preferred that pistons 60 strike the female mold flange I2c 
substantially normal (perpendicular) thereto. 

In the preferred embodiment, an auxiliary support plate 61 is provided at station 
32 beneath mold cracking unit 56 over which plate 26' travels and comes to rest. In this 
position, the auxiliary plate 61 supports the mold units 10 to provide a stable support 
during the cracking operation than would be possible using only plate 26* as the support 
means. 

As described above, it is preferred that an array of pistons 60 are provided so that 
multiple mold units 10 may be acted on simultaneously. In the embodiment shown in the 
figures, the pistons 60: are provided in a 6x6 array for a total of 36 pistons, although it is 
understood that any ntimjber of pistons may be utilized according to the present invention 
as desired. In the case of multiple pistons, a piston alignment plate such as shown at 68 
may be utilized where the pistons 60 may extend through respective through-holes 69 
provided in the plate 68, 

Once the pistons 60 have broken the seal between the respective male and female 
mold sections 12,14 as described above, the plate 26* is advanced to the second station 34 
in the module where the female and male mold sections 12,14 are removed from the plate 
26' and positioned ontfespective female and male pallets 36,38, respectively. A pick and 
place unit 70 is provided at station 34 and is mounted upon an overhead rail 72 such that 
pick and place unit 70 can travel between station 34 and station 35 where the female and 
male pallets 36,38 are in queue waiting to be populated by the individual female and male 
mold sections 12,14, respectively. 



16 



WO 01/74569 PCT/GB01/01377 

As seen in Figs. 10A-10C, the pick and place unit 70 includes one or more, and 
preferably an array of pick-up heads 74 connected to a vacuum line 71 . The pick and 
place unit 70 is vertically movable via a linear actuator 73 which extends along a vertical 
axis "V* so that each pick-up head 74 may be lowered over a respective mold unit 10 at 
which time the vacuum action of each pick-up head 74 engages a respective female roold 
section 12 (see Fig. 10B). Each pick-up bead 74 may be provided with a soft, flexible 
covering to protect against any damage to the mold sections 12,14 and associated lens 
16\ for example a soft .rubber bellows 74' seen in Figs. 10A*10C. 

Means are provided to first center the mold sections 10 and then retain the male 
mold sections 14 on plate 26' as the associated female mold Sections 12 are engaged and 
lifted by the pick-up heads 74. In the embodiment shown in Figures 1 OA- 10C, the male 
mold sections 14 are retained on plate 26' by a second array of agitator/vacuum heads 76 
which extend upwardly from beneath plate 26' to engage a respective male mold section 
14, Prior to the female mold sections 12 being picked, the agitator/vacuum heads 76 apply 
a slight vibrating force to the engaged male section 14 which properly center the mold 
sections 10 for subsequent female mold section pick-up by overhead vacuum heads 74. 
Agitation of the mold sections 10 is immediately followed by application of a suction 
force by heads 76 to male mold sections 14. Referring again to Figure 6, it will be 
appreciated that the application of a suction force to the male mold section 14 from a 
location beneath plate 26* will act to force the male mold flange 14b against plate 26' in 
the area surrounding a respective through-hole 28 through which the central body of the 
male mold section 14 extends. Thus, at the time the overhead pick-up heads 74 lower and 
engage a respective female mold section 12, the lower vacuum heads 76 engage a 
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respective male mold section 14, thereby retaining.the male mold sections 14 on plate 26* 
(Fig. 10B). Referring to Figure 10G, the pick and place unit 70 is then raised upwardly, 
with pick-up heads 74holding a respective female mold section 12 thereon and vacuum 
heads 76 holding the associated male mold sections 14 on plate 26\ The lower vacuum 
heads 76 may be released and retracted once the female moid section 12 have been lifted 
clear of their associated male mold sections 14, which themselves remain seated on plate 
26*. It is preferred that the number of vacuum heads 76 equal the number of pick-up 
heads 74. 

Referring now to Figures 1 1 A-l 1G, a full cycle of the pick and place operation 
will be described. Figure 11 A shows the pick and place unit 70 at station 34 where a plate 
26' of mold sections 10 has been advanced from mold cracking station 32, In the 
preferred embodiment, the opposite side edges 28a and 28b of mold plate 26 s slide into 
and are engaged by grooved support bars 33a and 33b which are movable along two 
perpendicular axes x-y in a horizontal plane independently of the support rails leading to 
station 34. This movement allows the support bars 33a,33b to sequentially present the 
four individual arrays of nine mold sets 10 located on plate 26' to the pick-up head unit 
70, as will be understood more clearly below. 

Since the female mold sections 12 are located on top of the male mold sections 14 
at station 34, the female mold sections 12 are picked up first Thus, the pick and place 
head 70 is positioned and aligned with the pick-up heads 74 thereof over respective 
female mold sections 12. The pick and place unit is activated to lower and pick up the 
female mold sections 12. Once this is accomplished, the pick and place unit 70 travels 
along overhead rail 72, with the female mold sections 12 gripped by associated pick-up 



18 



WO 01/74569 



PCT/GB01/01377 



heads 74, toward a third station 35 in the module where female and male pallets 36,38 are 
queued (Fig. 1 IB). The pick and place unit 70 stops at a position over a female pallet 36 
with the pick-up heads 74 aligned over a respective through-hole 36' in the female pallet 
36. The pick and place unit 70 lowers and vacuum 71 is released whereby the female mold 
sections 12 are deposited into associated holes 36* of the female pallet 36 (Fig. 1 1C). 

Once the female mold sections 12 have been deposited in a female pallet 36, the 
pick and place unit 70 is raised and travels in the reverse direction along rail 72, returning 
to station 34 to now pick up the male mold sections 14 from which the associated female 
mold sections 12 have been previously removed and placed in female pallet 35 as 
described above (Figs. 1 1C-D). It will be appreciated that the lower vacuum heads 76 are 
not activated at this time. The pick and place unit 70 travels again toward station 35 with 
the male mold sections 14 gripped by associated pick-up heads 74, and stops at a position 
over a male pallet 38. The pick and place unit 70 is lowered and vacuum 71 is again 
released whereby the male mold sections 14 drop into an associated through-hole 38' of 
the male pallet 38 (Fig. 1 IF). This completes one full cycle of the pick and place unit 70. 
The pick and place unit 70 continuously repeats this cycle during production. Thus, as 
seen in Fig. 1 1 G, pick and place unit 70 has returned to station 34 to retrieve another 
array of female mold sections 12. 

As previously mentioned, the number of mold units 10 handled by pick and place 
unit 70, as well as the number of pick-up heads 76, may vary as desired. The invention has 
been shown and described herein with reference to but one of many possible array 
arrangements. In the arrangement shown and described herein, a 6x6 array of 36 mold 
units 10 are positioned on a mold plate 26', with nine pick-up heads 76 being in an array 
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of 3x3. As such, the pick and place unit 70 cycles a total of eight times to remove all the 
female and male mold units 12,14 from a single mold plate 26\ Alternatively, the total 
number of pick-up heads 76 may equal the number of mold units 10 on a single mold plate 
26'. Also, if desired, the pick-up heads 76 may be operated to pick up all the female mold 
section 12 from a single plate 26% prior to the pick-up heads 76 picking up the male mold 
sections 14, It will thus be appreciated that the particular array and pick-up patterns 
utilized for the mold units and pick-up heads are not critical to the operation of the 
invention, and may vary as desired. 

In the situation where there are multiple arrays of mold sets on a single plate 26' 
for pick up by a like-numbered array of pick-up heads, it is preferred that the pick-up 
head 70, in the condition of having picked up and canying mold sections, never pass over 
mold sets which remain to be picked from the mold plate 26\ This prevents any chance of 
loose lens flash dropping from the pick-up head and engaged mold section down to and 
contaminating the mold sets yet to be picked. Thus, as seen in Figs. 11 A-l 1G, pick-up 
head 70 picks mold sets from the right of plate 26 7 prior to picking mold sets from the left 
of plate 26\ 

Once the pick and place unit 70 has deposited the female and male mold sections 
12,14 into their respective female and male pallets 36,38 as described above, the empty 
mold plate 26' may be removed from the module by advancing it through action of rod 33 
to a magazine 27 into which the empty mold plates 26' are stacked (Fig. 7). Once a 
magazine 27 is full, it may be transported back into the rotating cure plate stock 

At station 35, the female and male pallets 36,38 which have been populated with 
female and male mold section 12,14, respectively, are advanced within the module and 
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replaced by empty pallets 36,38 in the queue for subsequent population of mold sections 
12,14 by the pick and place unit 70. Empty pallets 36,38 may be automatically dispensed 
from magazines 36a 7 38a, respectively, by a pneumatic actuator (not shown). Means for 
advancing the female and male pallets 36,38 within the module may take the form shown 
in Figure 12 A, for example, comprising a plate 80 having one or more fingers 82 which 
are configured to releasably engage a cooperating feature on a respective pallet > e.g., a 
recessed channel 37 formed between adjacent through-holes 36^38* on the bottom 
surface 36b,38b thereof respectively (see also Figs. 8A and 8B). Plate 80 may be 
mounted to an actuator 84 which is operable to move plate 80 such that fingers 82 are 
alternately extended into and out of recesses 37 while also advancing the pallet down the 
line toward the exit station 41. The horizontal extent of plate's 80 movement is sufficient 
to engage the leading recesses 37 of the next empty pallet bang dispensed from the 
magazines 36a,38a, thus operating to automatically advance empty pallets bto the queue 
from the magazines 36a,38a. Of course, other means known to those skilled in the art may 
be used to advance the pallets within the module (e.g., conveyor systems).Photo-electrio 
sensors (also not shown) are positioned adjacent plate 80 to detect the positions of the 
male and female pallets to ensure they are in the correct position to receive mold sections 
form the pick-up head>70. If a gap (no pallet or not advanced far enough) is detected, a 
signal is sent to activate the pneumatic actuator and plate 80 which act together to 
advance the pallets to their coirect positions. 

As stated previously, it is preferred that the cured lens 16* remain on the female 
mold section 12 and the lens flashl7 remain on the associated male mold section 14, This 
may be achieved through the configuration of the mold sections as shown in the drawing 
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where the concave optical surface 12a of the female mold section 12 is more likely to 
retain the lens 16* thereon than the convex optical surfece 14a of the male mold section 
14, which itself is more likely to release the lens 16* in favor of the female mold section 
12. Other methods for preferentially retaining the lens 16* on one particular mold surface 
are known to those skilled in the art. For example, chemical and/or electric treatment to 
one of the mold surfaces, or mechanical features built into the mold section causing 
attachment.of the cured lens material thereto. 

Should it be desired that the male mold section 14 be utilized in downstream 
processes (e.g., during hydration), the lens flash 17 needs to be removed therefrom. Thus, 
as seen in Figs. 12A and 12B, a vacuum hose 86 having an air inlet 87 is provided under 
which the male pallets 38 are passed as they travel toward the exit station 41 which 
suctions and removes flash 17 from its associated male mold section 14. Prior to 
suctioning, to ensure the flash has been fully loosened from its mold section 14 for 
suctioning, agitator pistons (not shown in Fig. 12B) similar to the agitator/vacuum pistons 
76 used at station 34 (except without the vacuum), may be used to rise, engage and 
agitate the mold sections 14 from beneath pallet 38. Once the flash 17 has been suctioned 
free of the male mold section, the male pallet 38 continues advancing toward the exit 
station 41 with the male mold sections free of flash. To prevent suctioning of the male 
mold sections 14 by the vacuum 86, a shield 88 is provided which includes apertures 90 
which align with the male mold sections 14 as the male pallet 38 is passed thereunder. The 
diameter of the apertures 90 is large enough to permit suctioning of the flash 17 to the 
vacuum 86, yet small enough to prevent suctioning of the male mold section 14. The 
shield 88 may be provided with a wedge-shaped leading edge 88* which causes any male 
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mold sections 14, which may have come to rest tilted in an associated pallet hole 38\ to 
be pushed back down into the through-hole 38' as they advance under the shield 88. 

The female and male pallets 36,38 are advanced to the exit station 41 seen in Fig, 
13. As mentioned above, an inspection of the female and/or male mold sections 12,14 may 
be carried out at this station 41 prior to the pallets and associated mold sections 12,14 
being subject to further downstream processing. In a preferred embodiment, light panels 
42a,42b are provided over which pallets 36,38 are passed at oxit station 41 whereby a 
visual inspection of the mold sections may be carried out. This inspection may be a simple 
visual inspection to check for cosmetic lens defects, or may involve other known machine 
inspection technology which can detect more precisely measured lens parameters, as 
desired. 

Once the pallets have exited station 41, they are prepared for further downstream 
processing as necessary. For example, the pallets may be stacked into a magazine either 
individually or together. In the embodiment described and shown in the Figures, the male 
mold section 14 is used when hydrating the lens 16* which, as stated above, is attached at 
this time to an associated female mold section 12. Thus, the female and male pallets may 
be stacked together such that the lens 16* is captured between the male and female mold 
sections as seen in Figure 16. To prevent the female mold sections 12 from dislocating 
from the female pallet 36, a third "dummy" pallet 39 may be stacked against the female 
pallet as shown in Figures IS and 16. One stacked unit thus comprises the male, female 
and dummy pallets 36, 38 and 39, which are then inserted into a magazine rack 100. 
Once hydrated, the lens 16' detaches from its associated female mold section 12. 



23 



WO 01/74569 PCT/GB01/01377 

The invention has been described with reference to a preferred embodiment 
thereof It is understood, however,.that variations may be made without departing from 
the scope of the invention as is defined by the claims which follow. 
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What Is Claimed Is: 

1 . A method for separating a male mold section from a female mold section wherein 
said male mold section and said female mold section each include an optical lens-forming 
surface,, said male and female mold sections being joinable to form a single mold unit 
having a mold cavity defined by said lens-forming surfaces and wherein a quantity of lens 
material is dispensed and cured to form a lens, said mold unit having a bond resulting 
from said curing of said lens material therein, said separating method comprising the steps 
of: 

a) positioning one or more of said mold units, each having a respective cured 
lens therein, on a support in a predetermined array; 

b) transporting said mold units to a first station, said first station having one 
or more mold striking members arranged in spaced alignment with a 
respective said mold unit on said support; and 

c) activating said one or more striking members to strike a respective mold, 
the striking force of said one or more striking members being sufficient to 
break said bond between said male and female mold sections of a 
respective mold unit. 

2. The method of claim 1, and further comprising the steps of: 

d) transporting said mold units to a second station, said second station 
including one or more pick-up heads positioned in spaced alignment to a 
respective number of said mold units; 
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e) activating said pick-up heads which sequentially picks up said female and 
male mold sections from said support and deposits the female and mate 
mold sections on female and male pallets, respectively, 

3. The method of claim 2, wherein lens flash is formed about the perimeter of said 
lens during curing, said lens being retained in a respective said female mold section and 
said lens flash being retained in a respective said male mold section following mold 
separation, said method further comprising the step of: 

f) removing said lens flash from a respective said male mold section. 

4. The method of claim 2, and further comprising the step of applying a vacuum to 
said male mold sections opposite said pick-up heads during pick-up of respective said 
female mold sections. 

5. The method of claim 3, and further comprising the step of performing an 
inspection of said lens in an associated said female mold section. 

6. The method of claim 3, and further comprising the steps of: 

g) stacking said female and male pallets together such that each lens is held 
between a respective said male and female mold section; and 

h) transporting said stacked pallets to a hydration station wherein said lenses 
arehydrated. 

7. The method of claim 6, and further comprising the steps of separating said pallets 
and placing said hydrated lenses into a package. 

8. The method of any one of claims 3 to 7, wherein said flash removal means 
comprises a vacuum. 
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9. The method of any preceding claim, wherein each of said striking members strike 
a respective said mold section at a plurality of annularly spaced locations thereon. 

10. The method of any preceding claim, wherein said one or more striking members 
strike a respective said mold unit at a location peripheral to said lens-forming surfaces, 

11. The method of any preceding claim wherein said one or more striking members 
strike the female mold section of a respective mold unit. 

12. The method of any preceding claim wherein said striking members strike the mold 
units with a force in the range of about 15 to 25R 

13. The method of any preceding claim wherein said striking members strike the mold 
units for a duration of about SO milliseconds. 

14. The method of any preceding claim wherein said striking members strike the mold 
units in a direction substantially norma! to the striking surface of the mold unit. 

15. Apparatus for separating a mold unit comprising a female mold section having a 
concave optica] mold surface and a male mold section having a convex optical mold 
surface, said concave and convex optical mold surfaces forming a lens-shaped mold cavity 
Upon joining said female and male mold sections into said mold unit, said mold cavity 
containing a cured lens therein, wherein the process to cure said lens creates a bond 
between said female and male mold sections, said apparatus comprising: 

a) a support on which said one or more mold units are positioned; and 

b) one or more striking members operable to apply a striking force to a 
respective said mold unit, said striking force being sufficient to break the 
bond between said female and male mold sections. 
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16. The apparatus of claim 1 5, wherein said support comprises a mold plate upon 
which said mold units are placed prior to operation of said one or more striking members. 

17. The apparatus of claim 1 5 or claim 1 6, and further comprising means for engaging 
and lifting said female mold section from a respective said male mold section following 
operation of said one or more striking members. 

18. The apparatus of daim 17, wherein said engaging and lifting means comprises one 
or more pick-up heads: 

19. The apparatus of claim 18 wherein said pick-up heads are vacuum actuated. 

20. The apparatus of any one of claims 17 to 19, and further comprising means for 
retaining said male mold sections on said mold plate when respective female mold sections 
are lifted therefrom. 

21 . The apparatus of claim 20 wherein said retaining means comprises vacuum 
actuated heads positioned beneath respective said male mold sections opposite said female 
mold sections. 

22. The apparatus of any one of claims 17 to 21, and further comprising a female 
mold pallet upon which said female mold sections are placed by said one or more pick-up 
heads, 

23. The apparatus of claim 22; wherein said one or more pick-up heads are operable 
to engage and lift said associated male mold sections from said plate upon deactivation of 
said male mold retaining means. 

24. The apparatus of claim 23 ? and further comprising a male mold pallet upon which 
said male mold sections are placed by said one or more pick-up heads. 
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25. The apparatus of claim 24, and further comprising means for inspecting said 
female and male mold sections while positioned on said female and male mold pallets, 
respectively. 

26. The apparatus of claim 25, wherein said inspection means comprises a light panel 
over which said female and male mold pallets are positioned. 

27. The apparatus of any one of claims 16 to 26, wherein said mold units are 
positioned on said support with said female mold section facing upwardly, and wherein 
said one or more striking members strike said female mold section, . 

28. The apparatus of claim 27, wherein said one or more striking members comprise 
one or more pistons having a piston rod for striking a respective said female mold section. 

29. The apparatus of claim 28 wherein said pistons are set in an array which are 
alignable with a respective array of said mold units. 

30. The apparatus of claim 28 wherein said female mold sections each include a 
bottom ring-shaped flange wall located radially outwardly of said concave optical mold 
surface, and wherein said piston rod strikes a respective said female mold section about 
the bottom flange surface thereof 

3 1. The apparatus of claim 30 wherein said piston rod strikes a respective said female 
mold section in equally spaced locations about the full 360* circumference of said bottom 
flange wall thereof. 

32. The apparatus of any one of claims 1 5 to 3 1 wherein said striking force is 
sufficient to break said bond between said female and male mold sections, yet not so 
strong as to cause damage to the lens contained within said mold cavity thereof. 
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